3-Aminoimidazo[1,2-a]pyrazines are important building blocks for the pharmaceutical and agrochemical industries. These compounds are accessible through the threecomponent Groebke-Blackburn-Bienaymé cyclisation (GBB reaction) involving an aldehyde, an amine (or preformed imine) and an isonitrile. This multicomponent reaction (MCR) was discovered independently by three pharmaceutical groups at Hoffmann La Roche (Groebke), 2 Millenium Pharmaceutical (Blackburn) 3 and Rhone Poulenc (Bienaymé) 4 in 1998. Recently, it became attractive to the scientific community, especially to pharmaceutical research groups, because a broad variety of target compounds can be made by varying the three compounds, leading to combinatorial libraries.
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For our development activities, we required an efficient and scalable synthesis of aminoimidazopyrazine derivatives 1a (Scheme 1) and 1b (Table 2) , which are key intermediates for drug candidates designed to treat malaria. 6 In this manuscript, we report on our progress toward the development of a practical process for the synthesis of intermediate 1b by using the GBB reaction from easily accessible starting materials: 2-aminopyrazine, 4-fluorobenzaldehyde and 1,2-difluoro-4-isocyanobenzene. We have examined the impact of dehydrating agents, Lewis acids and isocyanide quantity on this three-component reaction. We also studied the scope and limitations of this GBB reaction for various aldehydes and isocyanides and have established optimised reaction conditions.
Our objective was to develop a one-pot process that was suitable for manufacturing 3-aminoimidazo[1,2-a]pyrazine 1 on an industrial scale. Preliminary investigations of the MCR was performed utilising the reaction conditions shown in Scheme 1, in which 2-aminopyrazine (2), benzaldehyde (3a) and isocyanide 4a reacted in the presence of boron trifluoride and a catalytic amount of p-toluene sulfonic acid (PTSA). Under these conditions, the reaction rate appeared to be very slow, as indicated by gas chromatography analyses. After three days, only 49% conversion was observed.
Scheme 1 Toward a one-pot process. Reagents and conditions: 2 (1 equiv), 3a (1 equiv), 4a (1 equiv), PTSA (1.2 mol%), BF 3 ·MeCN (4 mol%), r.t., CH 2 Cl 2 .
Although the GBB reaction can be effective in water at elevated temperature, 7 we thought that the water by-product formed during the reaction could slow down the conversion into product 1. To test this hypothesis, we added a dehydrating agent to the previous reaction, which greatly increased its rate (Table 1) . GC analyses of the crude reac- The impact of isocyanide stoichiometry on the GBB reaction was then investigated ( Table 2 ). The preformed imine 5b was treated with 0.8 to 5 equivalents of isocyanide. The highest yield was obtained when 3 equivalents of isocyanide were used (entry 3). Surprisingly, increasing the amount of isocyanide from 3 to 5 equivalents decreased the isolated yield (entry 4). GC analyses of the isolated 1b sulfate salt revealed that the more isocyanide added, the lower the purity obtained (entries 2 and 3). Supported by 1 H NMR analysis of the isolated salt, the major impurity appeared to be a side-product derived from the isocyanide. It could be formed during the reaction or from the prepared isocyanide solution. This point will be discussed later.
Furthermore, the impact of Lewis acids was examined. Imine 5b was treated with isocyanide 4b in the presence of a variety of Lewis acids as shown in Table 3 . Titanium tetrachloride and aluminium chloride furnished the desired product 1b in high yields of 83 and 89%, respectively (entries 3 and 4). In terms of purity, the reaction with boron trifluoride-acetonitrile complex appeared to be more attractive. The reaction provided 1b with excellent purity (>99%) and in moderate yield (63%).
We previously pointed out that the quality of isocyanides determines the level of impurities observed in the final product. Isocyanides possess some specific features and can be characterised by their repulsive odour and volatility. They are usually sensitive to acid and hydrolyzed to their corresponding formamide when exposed to aqueous acidic conditions. They also have the property to form a complex catalysed by a Lewis acid. 8 Such characteristics need to be taken into account for the preparation of isocyanides. Several methods for the preparation of isocyanides are known and have been well described.
Commonly, such compounds are prepared by using the carbylamines method (Hofmann isonitrile synthesis) 9, 10 or by formamide dehydration 11, 12 (Scheme 2). The isocyanides used in the previous reactions were prepared by reaction of the corresponding aniline with dihalocarbene (Scheme 2, A). In this reaction the dihalocarbene was generated in situ 
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from potassium hydroxide and chloroform. Nucleophilic attack by the aniline and subsequent elimination of 2 equivalents of HCl gave the isocyanide. This method had several disadvantages. First, the reaction did not proceed to full conversion and the remaining aniline could disturb the GBB reaction. An acidic work-up to eliminate this aniline was not feasible because of the instability of isocyanides under such conditions. Furthermore, allowing the reaction to heat, even at lower temperature, could be problematic. Indeed, it has been observed that 1,2-difluorophenyl isocyanide decomposed at 40 °C. Another common way to prepare isocyanide is to dehydrate a formamide (Scheme 2, B). The formamide was prepared under mild conditions by treating the aniline with methyl formate in the presence of NaHMDS at 0 °C. 13 Among several dehydrating conditions used to obtain isocyanides from formamides, phosphoryl chloride appeared to be the most efficient. 11, 12 The reaction was performed at 0 °C and rapidly completed after 1 hour. Moreover, the diisopropylamine hydrochloric salt formed during the reaction precipitated out from the toluene solution and could easily be eliminated by filtration. The remaining traces of diisopropylamine were removed with a very mild acidic workup. 
Scheme 2 Preparation of isocyanide
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Employing the optimization conditions for the GBB reaction, two one-pot reactions were carried out (Scheme 3). First, aminopyrazine, benzaldehyde and prepared isocyanide solution from formamide were combined in toluene in the presence of PTSA (1 mol%), boron trifluoride acetonitrile complex (5 mol%) and trimethyl orthoformate (2 equiv). After one day at r.t., the sulfate salt of 1b was isolated in a satisfactory yield of 61% with excellent purity (>99% determined by GC analysis). The yield was improved when the imine intermediate was pre-formed (Scheme 3, bottom). In this one-pot, two-step process, aminopyrazine, benzaldehyde and p-toluene sulfonic acid (1 mol%) were allowed to heat to reflux with a Dean-Stark apparatus for 16 hours. The isocyanide solution, trimethyl orthoformate and boron trifluoride acetonitrile complex (5 mol%) were then added at room temperature. After stirring for an additional 16 hours, 1b was isolated as a sulfate salt in 85% yield. Scale-up of the reaction (100 mmol) provided 36 grams of 1b in 82% yield. The last result demonstrated the reproducibility and viability of the process on large scale.
The reaction of imine 5b with isonitrile 4b to form product 1b was followed by FTIR measurements. After the addition of isonitrile, the formation of the desired product 1b increases inversely to the consumption of imine 5b, whereas the isonitrile is consumed faster. Interestingly, the rate of formation of the product or consumption of starting materials is very slow during the 25 min after isonitrile addition to the reaction mixture, then it becomes faster. Finally, the rate of formation/consumption of 1b and 5b decreases to approach a plateau after 3.5 hours, while isonitrile is almost completely consumed after 2.5 hours. After about 5 hours, the reaction comes to an end. The rapid consumption of trimethyl orthoformate as soon as isonitrile is added is also notable. The results of this FTIR investigation are summarised in the Supporting Information.
A plausible mechanism for this three-component reaction is depicted in ( 
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Employing the optimised conditions, the scope and limitations of this GBB process were studied. A variety of isocyanides, aromatic, aliphatic, or functionalised, were investigated (Table 4) . Electron-poor aryl isocyanides (entries 1-6) furnished products 1 in high yield (68-85%). Electron-rich p-methoxyphenyl isocyanide (entry 8) afforded product 1i in an excellent yield of 90%. Both aliphatic and functionalised isocyanides also proceeded in good yields (66-87%; entries 9-12). These results demonstrated the good tolerance of the GBB reaction toward isocyanides.
Various aldehydes were also explored (Table 5 ). Reactions for both electron-poor and electron-rich benzaldehydes and 3,4-difluorophenyl isocyanide 4b provided 1s in high yields (82-95%; entries 1-5). When both isocyanide and aldehyde are electron-rich, the yield was lower. For instance, the reaction for p-methoxyphenyl isocyanide and pmethoxybenzaldehyde afforded product 1s in 37% yield determined by 1 H NMR spectroscopic analysis of the crude, result not shown. In comparison, the reaction for p-methoxyphenyl isocyanide and electron-poor 4-fluorobenzaldehyde gave 1i in an excellent yield of 90% (Table 4 , entry 8). Reaction of a heteroaromatic aldehyde, such as pyridine aldehyde, resulted in only 9% conversion (entry 6). Reaction of cyclohexanecarboxaldehyde and 3,4-difluorophenyl isocyanide furnished 1s in 36% (entry 7). No conversion was observed when both isocyanide and aldehyde were aliphatic (entry 8).
To further broaden the scope of this GBB process, we replaced 2-aminopyrazine with 2-aminopyridine 6 (Scheme 5). Reaction of 6 with fluorobenzaldehyde 3b and difluorophenylisocyanide 4b gave imidazo[1,2-a]pyridine 7 in a good yield of 67%. Encouraged by this promising result, we are currently investigating other scaffolds that we want to disclose in a future manuscript. In conclusion, a scalable process employing a one-pot, three-component, Groebke-Blackburn-Bienaymé type reaction was developed for the syntheses of 3-aminoimidazo[1,2-a]pyrazines in high yield with excellent purity. It was demonstrated that both Lewis acid boron trifluoride and dehydrating agent trimethyl orthoformate were essential to promote this reaction leading to higher yields. The 
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optimised process required no halogenated solvents or heterogeneous conditions. Most products could be isolated and purified by forming their corresponding sulfate salts. Furthermore, this GBB type of reaction has been shown to be versatile with respect to a range of isocyanides and aldehydes, and can be used to synthesise a large pool of valuable 3-aminoimidazo[1,2-a]pyrazines.
The solvents used were bulk quality, used in our scale-up facilities. The starting materials used were purchased from commercial sources (Sigma Aldrich; ABCR). The reactions described in this manuscript were performed in standard laboratory glassware. The NMR spectra were recorded on a Bruker Avance 400 ( 1 H NMR: 400 MHz; 13 C NMR: 100 MHz;
19
F NMR: 376 MHz) or Bruker BBO ( 1 H NMR: 500 MHz) spectrometer, measured in the solvent indicated, with tetramethylsilane (TMS) as an internal standard. Coupling constants (J) are reported in hertz (Hz). The LC-HRMS analyses were performed by using electrospray ionisation in positive ion modus after separation by liquid chromatography (Nexera from Shimadzu). The elemental composition was derived from the averaged mass spectra acquired at the high resolution of about 30,000 with an LTQ Orbitrap XL mass spectrometer (Thermo Scientific). The high-mass accuracy below 1 ppm was obtained by using a lock mass. GC spectra were measured on a HP-5890 GC with an FID detector, HPLC on an Agilent 1100 with a UV detector.
Groebke-Blackburn-Bienaymé Type Cyclisation; General Procedure
A reactor equipped with a Dean-Stark reflux condenser was charged with 2-aminopyrazine (1 equiv), aldehyde (1 equiv), PTSA (1.2 mol%), and toluene (0.5 M) under an atmosphere of nitrogen. The reaction mixture was heated to 110 °C for 16 h. After cooling the mixture to r.t., trimethyl orthoformate (2 equiv) and BF 3 ·MeCN 1 M (4 mol%) were added. A freshly prepared solution of isocyanide (1.3 equiv) was then added dropwise and the reaction mixture was stirred at r.t. for 24 h. MeOH (about 6 equiv) was added and the mixture was stirred for another 10 min. The reaction mixture was concentrated under reduced pressure at 50 °C. The crude product was dissolved in a minimum amount of i-PrOH at reflux. Concentrated sulfuric acid (1.3 equiv) was added slowly to the solution. The precipitation mixture was slowly cooled to -10 °C. The precipitate was filtered, rinsed with cold i-PrOH (minimum amount) and dried under reduced pressure to furnish the desired product as a sulfate salt.
2-Phenyl-N-(p-tolyl)imidazo[1,2-a]pyrazin-3-amine (1a)
The corresponding sulfate salt was obtained as a dark-orange solid. N-(2,3-Difluorophenyl)-2-(4-fluorophenyl)imidazo[1,2-a]pyrazin-3-amine (1b) The corresponding sulfate salt was obtained as a mustard-yellow solid.
Yield: 1.33 g (85%). N-(3-Fluorophenyl)-2-(4-fluorophenyl)imidazo[1,2-a]pyrazin-3-amine (1c) The corresponding sulfate salt was obtained as a mustard-yellow solid.
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Yield: 1.36 g (70%). 
N-(p-Methylphenyl)-2-(4-fluorophenyl)imidazo[1,2-a]pyrazin-3-amine (1h)
The corresponding sulfate was obtained as a yellow-brown solid.
Yield: 1.11 g (62%). The corresponding sulfate salt was obtained as a yellow solid.
Yield: 0.89 g (66%).
